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524a Tuesday, February 5, 2013construct a binary molecular gate which can be controlled by the effector mol-
ecule lactose. The device is constructed of three DNA strands which form an
elongated hairpin structure of two dsDNA arms with a short ssDNA hinge at
one end, and two ssDNA regions on the opposite end. A fourth ssDNA mole-
cule (the ’locking’ strand), complementary to the two ssDNA regions, binds by
complementary base pairing to seal the gate in the closed configuration. Addi-
tion of lac repressor protein to the device causes a displacement of the locking
strand by binding to two lac operators embedded in the double-stranded hairpin
structure. Binding of the proteins is rapid and sufficiently strong to cause a dis-
placement of the locking strand, switching the gate into the open conformation.
Addition of lactose quickly causes a release of the lac repressor protein from the
operators allowing the gate to be closed by the binding of the locking strand.
The opening and closing of this binary gate was detected by gel shift assays
and by fluorescence resonance energy transfer spectroscopy of two dyes located
near the opening of this gate. The gate could be cycled repeatedly, responded
uniquely to lactose, and may be useful as a device for moving or holding struc-
tures on a molecular scale.
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Nanoparticle Surface Charge Directs the Cellular Binding of Nanoparticle-
Protein Complexes
Candace C. Fleischer, Christine K. Payne.
Georgia Institute of Technology, Atlanta, GA, USA.
Nanoparticles are commonly utilized in biological systems as imaging probes,
drug delivery agents and in vivo sensors. In most biological applications,
the nanoparticle is exposed to a complex mixture of extracellular proteins
that adsorb non-specifically to the nanoparticle surface. The resulting ‘‘protein
corona’’ can dominate the interactions of the nanoparticle with the cellular
membrane. We have focused on the role of nanoparticle surface charge in
the cellular binding of nanoparticles in the presence of extracellular proteins.
Cationic, amine-modified polystyrene nanoparticles and anionic, carboxylate-
modified polystyrene nanoparticles were studied as a model system. The
cellular binding of cationic and anionic nanoparticles is distinctly different,
determined from fluorescence microscopy experiments. For cationic nanopar-
ticles, the cellular binding is increased in the presence of serum proteins. In
comparison, anionic nanoparticle binding is inhibited by the presence of
serum proteins. Competition assays performed with flow cytometry allowed
us to quantify differences in binding and to identify the cellular receptors
used by the nanoparticle-protein complexes. We have determined that com-
plexes formed with anionic nanoparticles bind to native protein receptors,
while those formed with cationic nanoparticles bind to scavenger receptors.
These results indicate that for nanoparticles used in biological applications,
the initial surface charge of the nanoparticle mediates cellular binding.
Currently, we are extending our studies to nanoparticles used for drug and
gene delivery.
Single Molecule Techniques III
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Quantitative Imaging of Protein Complexes using TIRF Microscopy
Jacques Boisvert, Joel Ryan, Abbas Padeganeh, Valerie De Rop,
Paul S. Maddox, Jonas F. Dorn.
Universite´ de Montre´al, Montreal, QC, Canada.
The dynamic composition of protein complexes can have a profound impact
on their function. However, conventional pull-down assays cannot provide
dynamic information, and sample preparation may affect complex stability.
Here, we combine total internal reflection (TIRF) imaging with quantitative
image and data analysis to examine the stoichiometry of protein complexes
as well as the dynamics of protein associations. Fluorescently labeled
proteins are immobilized on glass coverslips, and perfused with other fluo-
rescently tagged protein or small molecules. Complexes are imaged on
a TIRF microscope to selectively illuminate bound proteins. We determine
copy number and relative positions of fluorescent proteins inside complexes
by counting photobleaching vents, using computational super-resolution
and mixture-model fitting algorithms for spot detection. We then statistically
correct the results for experimental artefacts, such as expression levels
and pre-bleaching of fluorophores, which can reach levels of 20%. We
further determine binding kinetics by measuring dwell time of fluorescently
labeled proteins on immobilized substrates using the same computational
approach. Together these methods have allowed us to determine that
CENP-A exists in octameric nucleosomes throughout the cell cycle, that my-
osin adopts multiple conformations on the cortex of the C. elegans zygote
that are differentially sensitive to perturbations, and that the interaction
of KNL2 with CENP-A in depends on its phosphorylation and its Myb-
domain structure.2692-Pos Board B711
Superresolution Imaging of RNAP and Ribosomes in Live E. Coli
James C. Weisshaar, Wenting Li, Renee Dalrymple, Somenath Bakshi.
U. Wisconsin-Madison, Madison, WI, USA.
Superresolution fluorescence imaging is used to locate and track ribosomes,
RNA polymerase, and various DNA loci in live E. coli. The strong degree of
DNA-ribosome segregation indicates that most protein production occurs on
free mRNA transcripts that have diffused into the ribosome-rich regions, not
by co-transcriptional translation. The predominant ribosome diffusion coeffi-
cient (about 80% of the population) is Dribo = 0.04 mm
2-s1, attributed to
free mRNA being translated by multiple 70S ribosomes (polysomes). A
smaller, faster population is attributed to 30S subunits searching for a transla-
tion initiation site. New quantitative estimates of ribosome and RNAP copy
numbers show that ribosome concentration is more tightly controlled than
RNAP. The RNAP diffusion is heterogeneous. About half the population
sub-diffuses very slowly (like DNA loci) and half diffuses freely with DRNAP =
0.15 mm2-s1. We attribute the slow component to copies that are transcribing
or stalled while specifically bound to DNA and the fast component to ‘‘hopping
and sliding’’ copies. In long RNAP trajectories we observe transitions between
slowly and rapidly diffusing states, suggestive of initiation or termination of
transcription events. These data provide a more detailed, quantitative picture
of how the components of the transcription/translation machinery work to-
gether in space and time.
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Movement on Uneven Surfaces Displays Characteristic Features of Hop
Diffusion
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Diffusion in cell plasma membranes is reported to be appreciably slower than
diffusion in artificial membranes. We suspect that this is largely an artifact re-
sulting from 2D interpretation of 3D movement over an uneven surface, which
leads to the consequent underestimation of the net movement (1). Transient an-
chorage and/or confinement in domains can easily be explained by topograph-
ical trapping. The most serious flaw in the current methods of diffusion
measurement is the assumption that the membrane is smooth. When the mem-
brane is uneven, the straight-line-distance between two points requires that the
particle leaves the surface, which underestimates the distance travelled. Clearly
this is an illegitimate move since both lipids and proteins are restricted to move-
ment within the plane of the membrane. We have therefore developed a new
method for analyzing tracks that confines the path to the surface - the shortest
within surface distance (SWSD). Simple diffusion was simulated over smooth
and uneven surfaces created on a 3D orthogonal grid using an array of con-
nected voxels starting a conditional dilation at the first location that spreads
over the surface for a defined number of steps. Notably, after a few steps the
diffusion coefficient was higher than after more steps - a characteristic feature
of the hop diffusion. We conclude that the minimum requirement for accurate
diffusion measurements on the plasma membrane is high resolution topograph-
ical images that can be used to assess the effect of local topography on simple
diffusion. Only if there is a discrepancy between the measured diffusion coef-
ficient and that expected from Brownian motion within the plane of the mem-
brane after accounting for cell topography is it relevant to invoke anomalous
diffusion.
1. Adler et al. (2010) Nat. Methods 7, 170-171
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Single-Molecule Super-Resolution Microscopy at Video-Rate using Novel
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Joerg Bewersdorf.
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Single molecule localization based super resolution microscopy relies on pre-
cise and accurate localization of a large number of single molecules. However,
the necessity of accumulating large numbers of localization estimates limits the
time resolution to typically seconds to minutes.
Two of the major limitations are the acquisition speed and the photon budget.
Replacing EMCCD cameras which are usually implemented in such experi-
ments with recently introduced SCMOS cameras results in a leap in both
acquisition speed and effective quantum efficiency. However, the intrinsic
pixel-dependent Gaussian noise of the SCMOS cameras introduces localization
artifacts and greatly reduces the reliability of the results.
Here, we present a set of specially designed statistics-based algorithms that
allows for the first time to fully characterize an SCMOS camera and perform
unbiased and precise localization analysis. Using this method we demonstrate
Tuesday, February 5, 2013 525aCramer-Rao lower bound-limited single molecule localization with an SCMOS
camera. Combining this with a recently developed multi-emitter fitting
algorithm and optimized imaging condition, we show that this technique
shortens the typical acquisition time for fixed samples by up to two orders of
magnitude without compromising the field of view. Furthermore, we demon-
strate video-rate super-resolution microscopy of live cells by monitoring the
transient clustering events of transferrin receptors with a reconstructed frame
rate of 32 fps.
The here presented method allows to replace EMCCD cameras with SCMOS
technology and record faster and more precise super-resolution images without
compromises.
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Effects of PhotoactivationEfficiency on SingleMoleculeCounting in PALM
Nela Durisic, Lara Laparra-Cuervo, Angel Sandoval, Melike Lakadamyali.
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We combine single molecule photobleaching with super-resolution fluores-
cence imaging to count the absolute number of proteins in small oligomers
using PALM.
First we employed single molecule imaging and stepwise photobleaching of
fluorescently tagged glycine-gated ion channels (GlyR), to determine subunit
stoichiometry of this neurotransmitter to be 3a1:2b (Durisic et. al JNeuroSci
2012). Then the channel was used as a template to precisely characterize
photoactivation and photoconversion efficiency at the single molecule level
of most commonly used fluorescent proteins in PALM microscopy. using
stepwise photobleaching we characterized the effects of dense sample labeling
and determined that only a subset of fluorescent proteins can be efficiently
photoacivated or photoconverted. We could then directly relate these results
to the number of GlyR subunits per channel counted by means of PALM
microscopy. Our findings have important implications for super-resolution mi-
croscopy, particularly in the context of quantitative imaging and co-localization
in multi-color super-resolution experiments.
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The human genome contains more than 800 G protein-coupled receptors
(GPCRs); overall, 3-4% of the mammalian genome encodes these molecules.
Processes controlled by GPCRs include neurotransmission, cellular metabo-
lism, secretion, and immune responses. At present their functional mechanism
remains controversial and poorly understood: it is believed however that the
stoichiometry of these receptors is strongly correlated with their function. Ini-
tially GPCR receptors were thought to be monomeric. Several studies favor the
concept that GPCR form dimers and are not capable of signaling as indepen-
dent monomers. Recent single-molecule fluorescence studies have attempted
to solve this dilemma by suggesting that GPCRs form transient dimers with
a lifetime of ~100 ms. Yet questions remain regarding the physiological rele-
vance of these studies, since they have not been performed at physiological re-
ceptor densities.
Therefore we label individual GPCRs in HEK 293T cells at varying expression
levels using HaloTag-coupled dyes and record their fluorescence by single mol-
ecule total internal reflection fluorescence (smTIRF) microscopy. We are then
able to determine receptor stoichiometry dependent on receptor density by di-
rect observation and quantitative counting of the number of photobleaching
steps within a single receptor. After testing the method with receptors of known
stoichiometry, we apply it to study the oligomerisation state of the b2 adreno-
ceptor, the chemokine receptor CCR5 and the muscarinic receptor M1.
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Three-Dimensional Tracking of Fluorescent Particles in Confocal
Microscopy
Trevor Ashley, Catherine Chan-Tse, Jeffrey Worthey, Sean Andersson.
Boston University, Boston, MA, USA.
Three-dimensional tracking of fluorescent particles has the potential of offering
scientists much more information pertaining to biological phenomena than can
be provided with two-dimensional tracking. In this work, we describe a tracking
algorithm that can be used in any optical configuration where a two- or three-
dimensional point spread function is sampled in space and time. We show pre-
liminary results from the application of this algorithm to three-dimensional
tracking of freely-diffusing fluorescent quantum dots in a confocal microscope.Further, using experimental data, we illustrate how the algorithm can maintain
tracking in low-SNR settings where high-background noise may be present or
where low-excitation power is required due to concerns of phototoxicity. We
describe the versatility of the algorithm
in tracking fluorescent particles of vari-
ous diffusion coefficients and velocities
by the adjustment of tuneable parame-
ters. Since the algorithm does not esti-
mate the position of the particle, the
user may choose any localization algo-
rithm on the resulting trajectories. In
our analysis, we use a GPS-like locali-
zation technique called fluoroBancroft
to estimate the particle position from
the resulting trajectories and describe
results from Monte Carlo simulations
that indicate optimal window sizes.2698-Pos Board B717
Reconstruction of Electron Densities from Few Photon Singular Molecule
X-Ray Scattering Experiments
Benjamin von Ardenne.
Max Planck Institute for Biophysical Chemistry, Go¨ttingen, Germany.
X-ray free electron lasers in single molecule experiments hold the promise of
solving macromolecular structures. To that aim, reliable structure reconstruc-
tion from noisy scattering images with rigorous bounds for the statistical uncer-
tainty is required, which in fact represents one of the main challenges in the
field. I present an approach that uses the photon correlations of single x-ray
shots to reconstruct the original electron density. using the spherical harmonics
expansion of the Fourier transformation of the electron density, an analytic ex-
pression of the two and three photon correlation is derived. We demonstrate
that structural information can be derived from the correlations and estimate
the achievable resolution.
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Molecular Transport across the Hetero-Oligomeric Cell Wall Porins
Derived from Gram Positive Bacterium Nocardia Farcinica
Pratik R. Singh, Iva´n Ba´rcena-Uribarri, Roland Benz,
Kozhinjampara R. Mahendran, Mathias Winterhalter.
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Cell needs to perform selective and controlled transport of vital ingredients
to and from the cell to ensure its viability. These processes are regulated
by various protein channels present in the cell membrane. For example,
Gram-negative bacteria contains channels of nanometer dimensions that are
either specific to a certain molecule, eg. Maltoporin to maltose, or allow
a wide range of molecules to pass through the them, eg. OmpF. In contrast,
Gram-positive bacteria do not have large pore forming proteins in their outer
membrane. However, it has been studied that the class of bacteria such as
Mycobateria, Corynebacteria, Nocardia belonging to the order of actinomyce-
tales from Gram-positive bacteria have channel forming proteins in their outer
membrane mycolic acid layer. In this work we characterize the transport of
macromolecules across the cell wall porins of Nocardia farcinica, known to
be a dangerous pathogen causing Nocardiosis. An adequate method to
study properties of these channels is electrophysiology and in particular
analyzing the ion current fluctuation in the presence of permeating solutes
provides information on possible interactions with the channel surface. The
translocation of small solutes, such as sugars, peptides and antibiotics, through
the channel has been studied by ion current fluctuation analysis at single
molecular level.
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Applying Single Molecule Fluorescence Microscopy to Precisely Count
Absolute Numbers of Proteins in Living Cells
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Counting absolute numbers of proteins is of major importance in biology. This
would help for example to resolve the stoechiometry of complexes, to observe
aggregation phenomena or to describe the minimal signal required for a specific
cellular response. The only existing tools available to biologists are bulk exper-
iments, crystallography or photobleaching steps. Each of these methods comes
with its own drawbacks: by comparing global mean values, bulk experiments
do not take into account quenching or differences of brightness in a population
of fluorophores; crystallography only studies the protein as a crystal and hence
in a totally artificial environment; finally, the detection of photobleaching steps
